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manufacturer's instructions. Complementary DNA was obtained using random hexamers, and amplification of HN coding region was carried out using HNf (5'-AAAGGATCCG CTAGCACACCTAGCGAT-3') and HNr (5'-AGGCTCT AGATTGCCAGACCTGGC-3') oligonucleotides. In this way, a product of 1,585 bp was amplified (from position 6562 to 8146), excluding the first 150 bp coding for 50 amino acids of the protein predicted as the signal peptide and the transmembrane domain, based on previously reported LaSota nucleotide sequence. 7 The forward primer contained a BamHI restriction site, and the reverse primer contained an XbaI restriction site. Utilizing these restriction sites, the amplified fragment was cloned into plasmid pBacAV5. The pBacAV5 consisted in a pBacPAK8 backbone c where the honeybee melittin signal sequence (which can enable efficient translocation of proteins into the endoplasmic reticulum of Spodoptera frugiperda cells 21 ) was cloned upstream of the multiple cloning site to substitute the viral signal peptide; the V5 epitope tag sequence (excised from the pIB/ V5-His plasmid d ) was cloned downstream of the multiple cloning site, to obtain a fusion protein with the cloned sequence of interest, easily detectable by Western blot assays using an anti-V5 monoclonal antibody e (Fig. 1A) . The polymerase chain reaction (PCR) product was cloned into the transfer plasmid, and recombinant plasmids were isolated following classical molecular biology protocols. 17 The Autographa californica multiple nucleopolyhedrovirus f (AcMNPV) was used as a vector for the expression of HN protein. Spodoptera frugiperda (Sf9) cells were co-transfected with the recombinant plasmid and linearized the AcMNPV DNA, using a commercial transfection kit f following the manufacturer's instructions. Recombinant baculoviruses were purified by 2 rounds of final end-point dilution, 19 and selected clones were amplified by 3 passages in Sf9 insect cells. Finally, the viral stock (AcMNPV/HN) was titrated, and HN expression was characterized by Western blot assay. For virus production, monolayers of Sf9 cells were infected with the viral inoculums at a multiplicity of infection (moi) of 5. All procedures were performed as previously described. 19 After 72 hr, cells were collected, washed with phosphate buffered saline (PBS; pH 6.2) and resuspended in cracking buffer. 12 The supernatants of infected cells were also retained to evaluate HN expression in culture medium. Samples of cellular extracts and supernatants were analyzed by 12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis, and the presence of the recombinant protein was confirmed by Western blot assay 12 using a rabbit anti-HN polyclonal serum. g Figure 1B shows the presence of a double band slightly lower than the band observed with purified NDV. Both cell extracts and supernatants of infected Sf9 cells showed the same band patterns. The double-band pattern was previously reported for HN expressed in insect cells by the baculovirus system, 4 and it corresponds to the result of glycosylation heterogeneity, as it has been reported for several glycoproteins synthesized in the baculovirus system. 19 These results indicated the proper expression of the recombinant HN protein by the baculovirus expression system. Also, the presence of the protein in the supernatant demonstrated that the cells secreted the protein into the culture medium.
For the production of the recombinant antigen to be used in the recombinant ELISA (rELISA), monolayers of Sf9 cells grown in Sf900 medium were infected with the viral inoculum at a moi of 5 in supplemented Sf900 medium (10% fetal bovine serum, d 1% antibiotic-antimycotic d ). After 24 hr at 27°C, the medium was replaced by fresh medium without serum and incubated for 72 hr at 27°C. Then, supernatant fluid was collected, centrifuged for 15 min at 290 × g and concentrated 4 times utilizing centrifugal filter devices. h An aliquot was resuspended in cracking buffer, and the presence of the recombinant protein was evaluated by Western blot assay as previously described. 12 Optimal dilutions of the recombinant antigen as well as chicken sera and goat anti-chicken immunoglobulin G antibodies conjugated with horseradish peroxidase i were determined by checkerboard titration. Positive and negative sera were employed in order to establish the optimal conditions of each step of the assay. Twenty specific pathogen-free (SPF) chickens j were immunized with anti-NDV vaccine, k and sera were obtained at 28 days postvaccination. Twenty unvaccinated SPF chickens were bled to obtain the negative sera. Positive and negative samples were pooled, tested by HI as previously described 14 and by conventional ELISAs, 5 and then were used for setting the optimal assay conditions. In order to verify the absence of nonspecific reactions, the positive and negative serum pools were tested in the absence of HN antigen (supernatant of mock-infected Sf9 cells). Briefly, 3-fold serial dilutions of the recombinant antigen (and the negative control antigen) in carbonate buffer saline were tested. As shown in Figure 2 , 1:27 (which corresponded to 40 ng/well as estimated by comparison with a standard curve of bovine serum albumin stained with Coomassie brilliant blue) was determined to be the optimal dilution of the recombinant antigen in the rELISA. Furthermore, the assay revealed the absence of nonspecific reactions with both the positive and negative sera. When used at 1:27 optimal dilution, recombinant antigen from one 150-cm 2 flask of Sf9infected cells was sufficient to coat 33 96-well ELISA plates. Dilutions of serum and conjugate, as well as composition of blocking solutions, were also evaluated by a similar checkerboard titration protocol (data not shown).
The final rELISA protocol utilized microtitration plates l coated with 40 ng/well of the recombinant HN protein in carbonate buffer (pH 9.6), by overnight incubation at 4°C. After each step, plates were washed 5 times with washing buffer (PBS and 0.05% Tween-20). After removing the excess of the unbound antigen by washing, a blocking step was performed for 1 hr at 37°C with PBS, 0.05% Tween-20, 5% horse serum (PBS-T-HS), 5% non-fat dried milk. Then, a 50-µl volume of an optimal dilution (1:50) of chicken sera in PBS-T-HS was added to the plate and incubated for 1 hr at 37°C. Finally, 50 µl of a 1:2,000 dilution (25 ng/well) of horseradish peroxidase-conjugated antibody i in PBS-T-HS were applied for 1 hr at 37°C. A 50-µl volume of the substrate solution (2,2'-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid) 0.5 mg/ml m in 0.1 M citrate buffer [pH 5] containing 0.03% hydrogen peroxide) was added, and optical density (OD) was read at 405 nm after an incubation of 20 min at room temperature. Each sample was tested in duplicate and the mean value was determined.
Sets of sera from vaccinated (with inactivated or live attenuated vaccines based on LaSota strain of NDV) and nonvaccinated SPF White Leghorn chickens were used to evaluate the rELISA. Seventy-nine sera from vaccinated birds, obtained at different times post-immunization (14, 21, 28, 35 , and 45 days post vaccination), and a total of 142 negative sera were evaluated. The positive threshold value (0.316 OD units), calculated as the mean OD value of the negative sera plus 3 standard deviations (X neg + 3σ), was used to estimate the sensitivity (Se) and specificity (Sp) of the rELISA assay 13 : Se = number of positives detected by rELISA × 100 / number of positives detected by the HI test Intra-and interassay variation coefficients (VCs) were estimated as previously described, 13 where VC = standard deviation of replicates × 100 / mean of replicates Intra-assay VC was estimated by evaluating results from 6 replicates of control samples in each plate, and interassay VC was calculated using the same samples run in different plates.
The Se and Sp of the rELISA were evaluated in comparison to the HI test as the standard method for NDV antibody detection, using a total of 221 serum samples. Since 7 out of the 79 positive samples tested were negative by rELISA (Table 1) , the estimated Se of the rELISA was 91.14%. On the other hand, 2 out of the 142 negative samples evaluated were positive by rELISA, achieving a Sp value of 98.6%. In order to measure the percentage of agreement between both assays, the Cohen kappa statistic was calculated. The κ value [(Po − Pe)/(1 − Pe)], where Po = (72 + 140)/221 and Pe = (74 × 79 + 147 × 142)/221 2 , resulted in 0.91, indicating excellent agreement between the rELISA and the HI test. 10 The repeatability results of the rELISA were 5.6% and 7.7% for intraand interassay VCs, respectively, indicating adequate repeatability at this stage of the development of the assay.
When 199 out of the 221 serum samples were evaluated by the rELISA in comparison with a commercial ELISA for the detection of anti-NDV antibodies, high levels of agreement between both assays were observed. Out of 124 negative sera (determined by the SVANOVIR test n ), 119 were also negative by the rELISA. The other 5 samples (negative by SVANOVIR and positive by the rELISA) yielded OD values just above the 0.316 cut-off value (mean OD of the 5 samples = 0.373). On the other hand, when 75 positive samples (by SVANOVIR) where analyzed by the rELISA, 64 were also positive by rELISA, but 11 were negative. Since the commercial ELISA detects antibodies against whole NDV and the discrepant samples were collected on day 14 post-vaccination when seroconversion is just starting, it is possible to speculate that early in the antibody response, antibodies directed against proteins other than HN might be present in those samples.
Two groups have previously reported the development of ELISAs based on recombinant NP protein obtained directly from insect cells, using soluble fractions obtained after freeze thawing and centrifugation 9 or soluble fractions from sonicated cell lysates 16 as the antigen. Although those investigators reported no interference from background cellular proteins, when working with cells, a purification or at least a semipurification step is usually needed to ensure optimal performance. 6, 11, 15 In the present report, the HN protein of NDV was expressed by the baculovirus expression system and it was used directly for the development of a rELISA. The protein obtained was designed to be secreted into the cell culture supernatant and therefore needed no purification steps, thus rendering the technique a more economic and convenient tool. The relatively high agreement between the rELISA developed in the present study and the HI test (kappa = 0.91) indicates that the new assay might be an appropriate alternative for the detection of NDV-specific antibodies in chicken sera. The economic benefit that could be obtained using the recombinant protein, may allow the rELISA to be used in developing countries for NDV surveillance and diagnostic. 
